The possibility of obtaining vanadium dioxide (VO 2 
The reduction is carried out by calcining the NH 4 
Introduction
An oxidation state is influenced by ionization energy while ionization energy depends on the shielding effect between the orbital electron and the nucleus of an atom. In transition metal elements, the electrons enter an inner-shell electron orbital as opposed to other groups where electrons enter the outer-shell electron orbital [1] . The substitution of electrons in the inner-shell in case of transition metals consequently increases the shielding effect, decreases the effective nuclear charge and thereby weakening the ionization energy. All transition metals (Ti, W, Mn, V, Cr, Pd, Pt, Co, Zn, Fe, Cd, Cu, etc.) have low ionization energy, and this makes it less costly to remove more than one electron from their orbitals than it is from compounds with completely filled 3s or 3d orbitals such as alkali metals and alkali earth metal elements. Vanadium is one of these transition metals, it usually presents synthesis difficulties due to its existence in several oxidation states by forming a variety of binary oxides with the following general formulas for n = 1, 2, 3... (1) [2] . Among these oxides, V 2 O 3 , VO 2 , V 6 O 13 and V 2 O 5 possess many interesting characteristics that can be used in various applications because of their tendency to undergo metal to insulator phase transition commonly known as MIT transition [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Vanadium dioxide (VO 2 ) is unique among these oxides because of the abrupt changes in its crystal structure that usually follow the phase transition around 68 0 C. The transition temperature is considerably low and close to room temperature. This MIT property was first observed by F.J. Morin 1959 and later widely studied by Magneli, Mott Hubbard, Peirels, Goodenough, Adlar, Paquet and Fujimori [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . VO 2 has 4 + oxidation state oxide of vanadium with a monoclinic (insulating/semiconducting) before transition temperature and tetragonal (metallic) above the transition temperature. Changes in crystal structure explained by Peierls as electron-phonon interaction or coupling, or band structure shift explained by
Mott as electron-electron correlation is usually accompanied by a number of physical properties [13] . Such properties are changes in electrical resistance or conductance, optical transmittance or reflectance, phonon frequencies from Raman spectroscopy and FTIR, surface plasmon resonance from absorption spectra and light scattering studies [14, [17] [18] [19] [20] [21] .
The optical property of VO 2 is also found to be dependent on the surface roughness by AFM studies [15] [16] . All these properties make VO 2 feasible for practical application purposes
and have been applied in various technological devices. Such devices include smart or switchable window glass panes (thermo-chromic and photo-chromic property) [22] [23] [24] [25] [26] as well as gas chemical sensing (gaso-chromic property) [22, 27] . Uses of VO 2 in the fabrication of electrochemical devices (electro-chromic property) have also been recorded [28] .
Other oxides such as V 6 electrode in electro-chromic glass application [28] [29] . It has been reported for gas chemical sensing capabilities [30] and also found applications in the lithium ion batteries [31] . V 6 O 13 is known as a mixed valence oxide as it exists between the V 4+ and V 5+ oxidation states. [32] .
It is monoclinic in crystal structure at both high and low temperature with a characteristic zigzag chain running along the b-axis with mono V 4+ and mixed V 4+ and V 5+ [32] . Its transition temperature is -143 0 C and finds application in lithium ion batteries.
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Ammonium meta-vanadate (AMV, NH 4 VO 3 ) has been widely used as a source material for the syntheses of vanadium oxides by various deposition/synthesis techniques, such as chemical precipitation [33, 34] , thermal annealing [35] , spray pyrolysis [36, 37] , and autoclave hydrothermal treatment [38] .
In all these synthesis techniques, the phase diagram of V-O system was not followed.
As a result, many such reports indicated either single phase VO 2 The powder was characterized using an X-Ray diffraction (Panalytical X' pert Pro PW 3040/60 XRD equipped with Cu Kα (=0.154nm) monochromatic radiation source).
XRD patterns were recorded in the scanning range of 5 0 -90 0 . DSC of these calcined powders was also studied. Raman spectroscopic studies were conducted using a Jobin-Yvon T64000
Raman spectrograph with a 514.5 nm excitation wavelength from an argon ion laser. The power of the laser at the sample was low enough (0.384 mW) in order to minimise localised heating of the sample. The T64000 was operated in a single spectrograph mode, with the 1800 lines/mm grating and a 100x objective on the microscope, and further optical measurements were performed with standard spectrum 100 PerkinElmer FT-IR spectrometer.
The microscopic studies and quantitative elemental composition studies were carried out using JEOL 2100 Transmission Electron Microscopy (TEM) (from Tokyo Japan) equipped with LaB6 filament and a Gartan U1000 camera of 2028 X 2028 pixels, and high quality inbuilt Energy dispersive X-ray spectroscopy (EDS).
X-ray photo-electron spectroscopy (XPS) was also performed on a reference sample containing V 2 O 5 , VO 2 , V 6 O 13 as well domains of WO 3 . EDS taken from VOx domains (excluding the WO3 domains) in HRTEM was also performed on the same reference sample.
The XPS determinations of the proportion of V 3+ , V 4+ and V 5+ were used to calibrate the EDS spectra and this information was then employed in the determination of the proportions of V 3+ , V 4+ and V 5+ for the current set of samples. X-ray photoelectron spectroscopy analyses were carried using a PHI 5000 Versaprobe-Scanning ESCA Microprobe. The survey scans were recorded with a 100 μm, 25 W, 15 kV beam using monochromatic Al K α radiation (h = 1486.6 eV) and for the higher resolution spectra the hemispherical analyzer pass energy was maintained at 514 eV to 520 eV (C 1s, O 1s, V 2p) for 50 cycles. Measurements were performed using either a 1 eV/step and 45 min acquisition time (binding energies ranging from 0 to 1000 eV) for survey scans or a 0.1 eV/step and 20−30 min acquisition times for the high-resolution scans. The pressure during acquisition was typically under 1 × 10−8 Torr.
The surfaces were also sputtered clean for 30 s using an Ar ion gun (2 kV energy ions) and measurements were repeated.
The field dependent magnetic characterization was performed using Lakeshore 735 vibrating sample magnetometer (VSM) at room temperature. It is vital to point out that The overall reaction occurs during the decomposition of NH 4 VO 3 is shown in Eq. 1, the net mass loss of 22.2 % was observed [40] . The major mass loss occurs due to the evaporation of HN 3 and
It is believed that the decomposition involve various reaction stages as shown in Eq. 2 to 5 [40] [41] . In general, decomposition of NH 4 VO 3 initiated according to Eq 2 or 3.
The net mass loss in Eq. 
Above 340 0 C, significant mass gain was observed which was followed by the second stability around 440 0 C. The increase in mass is due to the oxygenation of VO 2 . The oxygen is contributed from the synthetic nitrogen flow during TGA experiment. The transformation is ascribed to V 2 O 5 since it is known as a most stable oxide among vanadium oxides and usually formed above 340 0 C. 
X-Ray diffraction Spectra
XRD spectrum of the sample prepared at 400 0 C depicts the monoclinic system of where A x , A y ….are the peak area corresponding to the phases x, y ….respectively [47] . It was observed that formation of VO 2 phase dominates in temperature range 150 -200 0 C, whereas V 6 O 13 phase is the dominant around 250 -300 0 C. V 2 O 5 is found to be present for all temperatures and optimum population at 350 0 C.
Raman Spectroscopy
Raman spectroscopy is known to be a sensitive and reliable technique for crystal structure study in material science and engineering. This technique is based on the inelastic scattering of monochromatic light irradiated on the sample. The frequency of the scattered light usually collected and compared to that of the incident light. Raman spectrum of the sample prepared at 400 0 C revels all Raman active modes of V 6 O 13 [42] . A strong intense peak at lower frequency band 137 cm vibration modes in the samples calcined at 100 -200 0 C shows the predominant population of VO 2 in this region [42] . The sample calcined at 250 -350 0 C shows peak at 137, belong to V 6 O 13 phase. The peak at 142 and 992 cm -1 belong to V 2 O 5 phase [42, 43] . The peaks extra at 265 and 385 cm -1 revels the presence of VO 2 phase at higher temperatures. The peak due to ammonia vibrations is observed around 1420 cm -1 for precursor NH 4 VO 3 [44] .
FT-IR is a rotational vibrational spectroscopic technique that is based on the absorption of photon by the molecules constituting a material. Molecule absorbs the incident photon and promote to higher energy state (excited state). The changes in energy of incident photon due to the absorption were detected. Fig.5 (b) shows the FTIR spectra of the standard and calcined NH 4 VO 3 precursor in the temperature range of 100 -350 0 C.
The observed absorption shoulder at 715 cm -1 and strong peak at 972 cm -1 are correspond to the VO 2 [45] , The shoulder at 715cm -1 was not observe for higher temperature where p and p 0 are the equilibrium and saturation pressure of adsorbate at the temperature of adsorption, ѵ is the adsorbed gas quantity, v m is the monolayer adsorbed gas quantity and c is the BET constant. fig. 6 (b) . The surface area is found to increase with the calcination temperatures. It follows the Langmuir isotherms pattern with temperatures.
Fourier Transform Infrared Spectroscopy (FT-IR)

XPS and EDS
We have performed XPS on a reference sample containing known mixed V 3+ , V 4+ and V
5+
phases of VO x as well EDS of the same reference sample. The full XPS and EDS spectra this reference sample was reported in our recent paper [48] . This analysis has been used to calibrate all EDS results for the our current samples containing V 6 O 13 , VO 2 and V 2 O 5 . The analysis results are summarized in Table 1 . First the heights and the widths of the peaks were determined for each peak in XPS and in EDS and areas under such peaks were calculated.
The proportions were determined from the ratio of the area under each peak to the total of all peaks considered [47] .
From One can conclude the the V L shell peak in EDS can be used to mark V 2 O 5 whereas the V M and V K shells are mostly for VO 2 although in both cases V 6 O 13 has a strong indeterminate influence. One can understand the V 6 O 13 poses a challenge in ascertaining its exact contribution owing to its meta-stable nature.
We have summarized the EDS analysis results from the VOx samples annealed at 150, 200, 250, 300 and 350 C based on the calibration undertaken in Tables 1 (a) and 1(b). These results are summarized in Table 2 . It can be observed that the proportions of the phases change with annealing temperature. The changes are plotted in Figure 7 . The V Ltemperature profile shows a decrease from 100 C to 250 C and then increases again up to the annealing temperature of 350 C. This profile agrees very well with the phase diagram shown in Figure 4 in the previous section. Similarly, the proportions determined from V M peak at 150 C which is exactly the VO 2 profile in the phase diagram in Figure 4 whereas the proportions calculated from V K shell increase to a maximum value at an annealing temperature of 200 C which agrees with the V 6 O 13 profile in Figure 4 . This assures us that the present XPS calibration of the EDS results is correct.
Vibrating Sample Magnetometry (VSM)
The traditional definitions of remanent magnetization (M R + and M R -), saturation magnetization (M S + and M S -) and squareness (SQ) in bulk and nano-scale magnetic materials are schematically illustrated in Figure 8 (a and b) . It should be noted that nano-materials display a shift of the hysteresis loop due to what is called exchange bias [48, 49] . In Figure 8 ]. This points to the fact that these materials are largely para-magnetic. However, there is a finite coercivity In Table 3 
The exchange bias width has been estimated to be half of this opening as previous done [50] .
A plot of these parameters for all annealed samples is given in Figure 8 We have shown before how VO 2 has been employed in sensing of hydrogen [51, 52] . In this present report, we have also subjected the VO x samples annealed at 150 C (VO 2 ), 250 C Total mass of all components in this mechanism is found to be 4.7249 x 10 -3 g which validates mechanism 3 as the process involved in our experiment.
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TGA residual mass of V 6 O 13 powder ( fig. 1(c) ) at 147.9 0 C is recorded as 4.9702 mg and its molar mass is found to be 513.639g. The number of mole is calculated as expressed below.
Number of mole = 4.9702 x 10 -3 /513.639 = 9.676 x 10 -6 mol.
Mechanism (6) in the full manuscript was proposed. Total mass of all components is found to be 4.972 x 10 -3 g which is also correspond to the mass at 147.9 0 C.
The % mass loss (experimental) is calculated by subtracting the mass at 147.9 0 C from the original mass introduce to the TGA system as express below. The % mass loss (theoretical) is calculated by subtracting the mass of VO2 based on mechanism (6) from the total mass as expressed below.
% mass loss (theoretical) = (4.972 -4.818) 10 -3 / 4.818 x 10 -3 x 100% = 3.09%
This show that the experimental value is close to theoretical, and that the conversion from V 6 O 13 to VO 2 is possible around 147.9 0 C.
SM3
XRD pattern of the sample prepared at 400 0 C
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SM4
XRD pattern of the sample prepared at 500 0 C
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SM5
Raman spectrum of the sample prepared at 400 0 C
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SM6
Black line is Raman spectrum of the sample prepared at 500 0 C. Red line spectra is for 
